Objective : The authors prospectively analyzed the effect of one-level or two-level anterior cervical discectomy and fusion (ACDF), comparing stand-alone cages and cage-with-plate fixation constructs with respect to clinical outcomes and radiologic changes. Methods : A total of 84 patients who underwent one-level (n=52) or two-level ACDF (n=32) for cervical disc disease and who completed 2 years of follow-up were included in this study. The patients were divided by cervical level and grouped into ACDFCage-only and ACDF-Cage-with-plate groups. The following parameters were assessed using radiographs : subsidence, C2-C7 lordosis angle, fusion segment angle, adjacent disc space narrowing, and fusion status. Clinical outcomes were assessed using the neck disability index (NDI) and visual analog scale scores for arm pain. Results : In the comparison of one-level ACDF-cage-only and ACDF-cage-with-plate groups, the NDI score was better in the cageonly group at the 3-, 12-, and 24-month follow-ups : however, no significant difference in clinical outcomes was observed. In the comparison of two-level ACDF-cage-only and ACDF-cage-with-plate groups, no difference in any clinical outcome was observed between the two groups. At the 24-month follow-up, subsidence was observed in 45.8% of patients in the one-level cage-only group and 32.1% of patients in the one-level cage-with-plate fixation group. There was no statistically significant difference in the incidence rate between the two groups (p=0.312). Subsidence in the two-level cage-only group (66.6%) was significantly more frequent than in the two-level cage-with-plate fixation group (30%; p=0.049). The fusion rate for patients in the one-level cage-only group was not significantly different from that in the one-level cage-with-plate fixation group (cage-only, 87.5%; cage-with-plate fixation, 92.9%; p=0.425) ; fusion rate in the two-level patients were also similar between groups (cage-only, 83.3%; cage-with-plate fixation, 95%; p=0.31). Conclusion : Our clinical results showed that for single-level cases, plate fixation had no additional benefit versus cage-only; for two-level ACDF cases, the fusion rate and clinical outcomes were similar, although the cage-with-plate fixation group had a lower incidence of cage subsidence than did the cage-only group. We conclude that physicians should be aware of this possible disadvantage associated with using cervical plates in one-level ACDF. However, in two-level ACDF, subsidence is more likely to occur without plate fixation, and thus the addition of plate fixation should be considered.
INTRODUCTION
Anterior cervical discectomy and interbody fusion (ACDF) has become the standard procedure for treating degenerative cervical disc disease 4) . Multiple techniques and modalities of fixation are used in ACDF, each with its merits and demerits 26) . For example, autografts are associated with significant donor-site morbidity.
Due to these issues, interbody fusion via cage-only or cagewith-plate fixation is the main fusion technique used during ACDF operations 10) . The advantage of using the anterior cervical plate lies in its ability to reinforce the stability of the fusion construct, while cage-only fixation is advantageous because of its shorter operating time, minimal blood loss, and simplicity.
Numerous studies have compared the clinical and radiologic outcomes of the cage-only and cage-with-plate fixation techniques. In some studies, cage-with-plate fixation had higher fusion rates and lower subsidence rates than did cageonly fixation 2, 6, 7, 29) , whereas other studies reported no difference between the two procedures 3) . In a recently reported meta-analysis study, there was no difference in clinical and radiological outcomes between the cage-with-plate fixation group and the cage-only group in one-level ACDF 19) . We designed this study to verify the clinical and radiological outcomes between the two groups in one-level ACDF, and to see if there were differences in clinical and radiological outcome in two-level ACDF.
MATERIALS AND METHODS

Materials
Patients diagnosed as having degenerative cervical disc disease accompanied with arm pain, who received one-level or consecutive two-level ACDF cage-only and cage-with-plate fixation operations at our hospital between 2012 and 2015 who underwent follow-up of longer than 24 months, were enrolled for this prospective observational study. The study patients were divided into 4 groups depending on whether the operation was one-or two-level and whether plate fixation was used.
Fifty-two patients received one-level ACDF surgery; 24 of those patients received cage-only and 28 received cage-withplate fixation. Thirty-two patients received two-level ACDF surgery; 12 of those patients received cage-only and 20 received cage-with-plate fixation.
Interbody fusion was performed using a PEEK cage (Cmightmus cage; DAEWONG BIO, Seoul, Korea). A PEEK cage packed with demineralized bone matrix was inserted into the disc space. In cases with plate augmentation, an anterior cervical plate (Maxima ACP; U&I Corporation, Seoul, Korea) was used.
The mean age was 52.5 (52.5±10.3) years in the one-level cage-only group and 50.4 (50.4±12.1) years in the one-level cage-with-plate fixation group. The mean age was 60.7 (60.7± 8.6) years in the two-level cage-only group and 53.1 (53.1±12.5) years in the two-level cage plate group.
The one-level cage-only group consisted of 15 male and 9 female subjects and the one-level cage-with-plate fixation group consisted of 16 male and 12 female subjects. The twolevel cage-only group comprised 10 male and 2 female subjects and the two-level cage-with-plate fixation group comprised 14 male and 6 female subjects.
For the surgical level, the C5/6 level accounted for 9 patients in the cage-only group and 12 patients in the cage-with-plate fixation group. In the two-level fusion groups, C5/6/7 fusion was the most numerous in the cage-only group with 8 patients, whereas C4/5/6 fusion was the most common in the cage-with-plate fixation group with 10 patients (Table 1) .
The demographic data did not show statistically significant differences.
Methods
Clinical and radiologic follow-up were performed prior to the operation and post-operatively at 1, 3, 6, 12, and 24 months. Clinical outcomes were assessed using the visual analog scale (VAS) for arm pain and neck disability index (NDI). Radiologic parameters were assessed by measuring the presence of cage subsidence, fusion, fusion segment angle, global cervical lordosis, and adjacent disc mid-height ( Fig. 1 ) using C-spine anterior-posterior, lateral (neutral, flexion, and extension) plain radiographs prior to the operation and during the post-operative follow-up.
Fusion was defined as <2° movement on the lateral flexion/ extension views, the presence of bridging trabecular bone between the endplates on antero-posterior/lateral views, and <50% radiolucency on the perimeter surrounding the cage 11) . For cage subsidence, the distance between the midpoint of the superior endplate of the upper vertebra of the fusion segment and the midpoint of the inferior endplate of the lower vertebra was measured in the lateral plain radiograph and compared using the pre-operative (pre-op) and 24-month follow-up images. In the case of one-level ACDF using 2 mm as the reference, the presence of subsidence was defined as the condition when the difference was larger than 2 mm. In the case of two-level ACDF using 4 mm as the reference, the presence of subsidence was defined when the difference was larger than 4 mm (Fig. 1 ) 21) . For the fusion segment angle, the Cobb's angle between the superior endplate of the upper vertebra of the fusion segment and the inferior endplate of the lower vertebra was measured in the lateral plain radiograph (Fig. 1) .
For the global cervical lordosis, the Cobb's angle between the posterior margin of the vertebral bodies of C2 and C7 was measured (Fig. 1) .
Student's t-tests, chi-squared tests and Fisher's exact tests were used to confirm the statistical significance of differences in radiologic and clinical outcomes between the two groups. All statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL, USA), and the statistical significance was defined as p<0.05.
This study was approved by the Institutional Review Board of Inha University Hospital (IRB No. 47621-01). Written informed consent was obtained from all patients.
RESULTS
Clinical results
The mean pre-op VAS score was 7.08±2.02 in the one-level cage-only group and 7.89±1.85 in the cage-with-plate fixation group. The follow-up mean VAS at 24 months was 2.46±2.06 in the one-level cage-only group and 3.18±2.21 in the cagewith-plate fixation group, both of which represent tangible improvement. There was no statistically significant difference during the follow-up periods (Fig. 2 ).
In the two-level fusion groups, the pre-op mean VAS score was 7.67±2.15 in the cage-only group and 6.5±1.85 in the cagewith-plate fixation group. The follow-up mean VAS at 12 months was 3.57±1.94 in the two-level cage-only group and 5.12±1.34 in the cage-with-plate fixation group. Although the VAS score was significantly lower in the cage-only group (p=0.026), the follow-up mean VAS at 24 months was not significantly different (Fig. 2) (Fig. 2) .
The pre-op mean NDI score was 37.0±18.12 in the two-level cage-only group and 38.20±13.84 in the cage-with-plate fixation group (p=0.846), and no statistically significant difference was observed among any follow-up periods (Fig. 2) .
Radiologic results
At the 24-month follow-up, subsidence was observed in 11 out of 24 patients in the one-level cage-only group (45.8%) and 9 out of 28 patients in the one-level cage-with-plate fixation group (32.1%). There was no statistically significant difference in the incidence rate between the two groups (p=0.312) ( Table 2) .
At the 24-month follow-up, subsidence was observed in 8 out of 12 patients in the two-level cage-only group (66.6%) and 6 out of 20 patients in the two-level cage-with-plate fixation group (30%). The odds ratio was 4.67, and the probability of subsidence was significantly higher in the cage-only group than the cage-with-plate fixation group (p=0.049).
At the 24-month follow-up, the fusion rate was 21 out of 24 patients in the one-level cage-only group (87.5%) and 26 out of 28 patients in the one-level cage-with-plate fixation group (92.9%). There was no statistically significant difference between groups (p=0.425).
The fusion rate was 10 out of 12 patients in the two-level cage-only group (83.3%) and 19 out of 20 patients in the twolevel cage-with-plate fixation group (95%). The fusion rate seemed higher in the cage-with-plate fixation group, but the difference was not statistically significant (p=0.31).
The measurement of global cervical lordosis showed that the pre-op mean C2-7 angle was 10.90±10.61°, and the 24-month follow-up mean C2-7 angle was 11.70±10.31° in the one-level cage-only group. The pre-op mean C2-7 angle was 10.71±9.27° and the 24-month follow-up mean C2-7 angle was 11.16±9.55° in the one-level cage-with-plate fixation group. Hence, a kyphotic change was observed compared to the angle at 1-month post-operation, although there was no statistically significant difference between the two groups during the follow-up periods (at pre-op : p=0.946; at 24-month follow-up : p=0.845) (Fig. 3) . The pre-op mean C2-7 angle was 6.80±7.11°, and the 24-month follow-up mean C2-7 angle was 8.53±7.78° in the two-level cage-only group. The pre-op mean C2-7 angle was 7.35±6.01°, and the 24-month follow-up mean C2-7 angle was 10.78±7.93° in the two-level cage-with-plate fixation group. Although a change was observed compared to the angle at 1 month post-operation, there was no statistically significant difference (at pre-op : p=0.825; at 24-month follow-up : p=0.441) (Fig. 3) .
The measurement of the fusion segment Cobb´s angle showed that the pre-op mean angle was 0.13±2.24° and the 24-month follow-up mean angle was 1.04±2.37° in the onelevel cage-only group, whereas the pre-op mean angle was 0.62 ±2.70° and the 24-month follow-up mean angle was 1.78± 2.48° in the one-level cage-with-plate fixation group. Although a change was observed, there was no statistically significant difference (at pre-op : p=0.476; at 24-month followup : p=0.279) (Fig. 3) .
The pre-op mean angle was -1.62±1.79° and the 24-month follow-up mean angle was 1.37±2.56° in the two-level cageonly group, indicative of a change. The pre-op mean angle was -0.63±3.02° and the 24-month follow-up mean angle was 3.38 ±1.94° in the two-level cage-with-plate fixation, indicative of a kyphotic change (at pre-op : p=0.255). In the comparison of the fusion segmental angle at 12-months and 24-months follow-ups, the cage-only group showed a significantly different kyphotic angle (at 12-month follow-up : p=0.002; at 24-month (Fig. 3) . In the comparison of the lower adjacent disc height, the preop mean disc height was 6.68±1.15 mm and the 24-month follow-up mean height was 6.45±1.43 mm in the one-level cageonly group. The pre-op mean disc height was 7.04±1.17 mm and the 24-month follow-up mean height was 6.83±1.17 mm in the one-level cage-with-plate fixation group; the change, however, was not statistically significant (at pre-op : p=0.273; at 24-month follow-up : p=0.304).
cage-with-plate (CP) (A) and two-level CO vs. CP fixation (B). C and D : Comparison of the fusion segmental angle (°) between one-level CO vs. CP (C) and two-level CO vs. CP fixation (D). E and F : Comparison of the adjacent disc height (lower, mm) between one-level CO vs. CP (E) and two-level CO vs. CP fixation (F). G and H : Comparison of the adjacent disc height (upper, mm) between one-level CO vs. CP (G) and two-level CO vs. CP fixation (H).
The pre-op mean disc height was 7.27±1.42 mm and the 24-month follow-up mean height was 7.18±0.63 mm in the two-level cage-only group. The pre-op mean disc height was 7.34±0.91 mm and the 24-month follow-up mean height was 6.84±0.90 mm in the two-level cage-with-plate fixation group; as noted above, there was an evident change, but it was not statistically significant (at pre-op : p=0.877; at 24-month follow-up : p= 0.213) (Fig. 3) .
In the comparison of the upper adjacent disc height, the pre-op mean disc height was 6.73±1.06 mm and the 24-month follow-up mean height was 6.41±0.85 mm in the one-level cage-only group. The pre-op mean disc height was 6.76±1.20 mm and the 24-month follow-up mean height was 6.58±1.06 mm in the one-level cage-with-plate fixation group; the change was demonstrable, yet not statistically significant (at pre-op : p=0.924; at 24-month follow-up : p=0.509).
The pre-op mean disc height was 7.37±0.65 mm and the 24-month follow-up mean height was 6.65±0.9 mm in the two-level cage-only group. The pre-op mean disc height was 6.81±1.07 mm and the 24-month follow-up mean height was 6.66±1.17 mm in the two-level cage-with-plate fixation group. As before, the change that was found was not statistically significant (at pre-op : p=0.08; at 24-month follow-up : p=0.99) (Fig. 3) .
DISCUSSION
Although there are numerous surgical techniques for ACDF, donor-site morbidity is a complication in autografts using the iliac bone. Thus, interbody fusion using cage fixation is widely used and a number of studies comparing the cage-only and cage-with-plate fixation in a fusion using cage fixation have been reported (Table 3) .
Numerous results comparing the clinical outcomes between cage-only and cage-with-plate fixation group reported no statistically significant differences. In studies by Lee et al. 15) and Song et al. 28) , however the VAS scores in the cage-with-plate fixation group were significantly better than those in the cageonly group in the one-level ACDF. This can be explained by an imbalance of the cervical lordotic curve resulting from cage subsidence 20, 22) , or increased tension of the posterior cervical area due to pseudoarthrosis. Regarding the relationship between subsidence and clinical outcome, some studies report no correlation, but a study by Lee et al. 16) reported that groups with high subsidence rates had poor clinical outcomes. In other previous studies, when the fusion rate, subsidence rate and fusion segment kyphosis were compared, the cageonly group had a low fusion rate and high subsidence and kyphosis rates. The success rate has also been reported to decline as the number of levels increases 5, 23, 28) . This suggests that the force fixing the vertebral body is lower in the cage-only group than the cage-with-plate fixation group 13, 24) . There are numerous studies on adjacent segmental degeneration (ASD) and adjacent segmental disease accompanying new radiculopathy or myelopathy after ACDF. The data regarding whether ASD is the natural progression of degenerative spinal disease in the adjacent segment and thus not associated with ACDF, or whether it occurs after the operation due to biomechanical change, are controversial and lack clarity 25) . The reported risk factors include the presence of ASD prior to surgery 27) , increased range of motion in the adjacent level and excessive disc space distraction 17) . These risk factors, however, do not resolve the debate over the origin of ASD. It is notable that the multi-level ACDF has a lower probability of ASD than one-level ACDF 9) . The ASD risk was reported to be higher in the cage-withplate fixation group, and sometimes statistically significantly different. Ji et al. 11) hypothesized that the high ASD risk in the cage-with-plate fixation group was possibly due to increased fixation force which then increased the level of stress generated in the adjacent intervertebral disks during cervical vertebra motion after surgery. Recent studies comparing the incidence of ASD in the cageonly group and the cage-with-plate fixation group have used computed tomography and magnetic resonance imaging, as well as plane radiography. Unlike previous reports, in our study, there was no statistically significant difference, but the decrease of adjacent disc height in plane radiography was larg-https://doi.org/10.3340/jkns.2017.0211 er in the cage-only group, especially in the two levels.
In fact, when relating ASD to clinical outcomes, some data suggest there is no effect on outcomes by ASD 17) , whereas other data showed a statistically significant correlation between radiologic ASD and clinical outcomes 18) . Our study results showed that the fusion rate, subsidence rate and fusion segment kyphosis were not significantly different between the cage-only group and the cage-with-plate fixation group in one-level fusion. We also found in an NDI score comparison that the cage-only group had a better outcome than the cage-with-plate fixation group. This result might be due to complications associated with plate hardware and ASD.
Cage-only has no complications related to plate hardware such as screw loosening, pull-out, and foreign body sensation or dysphagia 23) . Although ASD was not compared in this study, one report that showed a correlation between ASD and clinical outcomes 18) indicated that cage-only operation is likely to be advantageous over cage-with-plate fixation operation in one-level fusion.
Although there was no difference in the fusion rate in twolevel fusion, the cage-only group had a high subsidence rate and showed a kyphotic change in the fusion segment.
It may be insufficient to reflect cervical alignment, because there is no comparison value of parameters such as C2-7 SVA, T1 slope, T1 inlet angle; however, the C2-7 Cobb's angle did not show a significant difference between the two groups, likely because all cervical spinal joints are involved in lordosis 15) and other joints can thus compensate for kyphosis.
Although there was no clinical difference observed in this study, the clinical outcomes were poor when the subsidence rate was high 16) . Furthermore, considering that the success rate decreases in the cage-only operation as the fusion level increases, the cage-with-plate fixation operation is likely to be advantageous compared to cage-only operation in two-level fusion.
This study was limited by the small number of patients in the two-level fusion group and by not having a control group. Thus, a comparative study with a large number of patients is 
CONCLUSION
There were reports that adding a cervical plate after ACDF provides a lower subsidence rate and higher fusion rate than cage-only; however, our clinical results showed that the cageonly group had a better NDI outcome than the cage-withplate fixation group in one-level ACDF, with a similar fusion rate and subsidence rate, although more clinical data is required. The fusion rate and clinical outcomes did not show a difference in two-level ACDF; however, the cage-with-plate fixation group had a lower incidence of cage subsidence than did the cage-only group. We conclude that physicians should be aware of this possible disadvantage associated with using cervical plates in one-level ACDF. However, in two-level ACDF, subsidence is more likely to occur in the cage-only group than in the cage-with-plate fixation group, so the adding of a plate should be considered.
